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摘要: 作为常见的肺螺亚纲生物, 日本菊花螺 Siphonaria japonica(Donovan, 1824)会将卵带产于潮间带
岩石上, 因此会经常遭受降水的影响。为阐明降水对日本菊花螺胚胎发育和幼体孵化的影响, 本研究
通过实验室模拟和野外原位取样相结合的方式分析了降水对卵带内胚胎发育状态、幼体累积孵化数、
单位时间幼体孵化最高值和最高值出现时间的影响。结果表明: 实验室模拟降水会显著影响卵带胚胎
发育和幼体孵化(P<0.05); 自然降水并不会影响幼体累积孵化数(P>0.05), 但会显著加快幼体孵化速率
(P<0.05)。 
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????????, ??? 2015? 3? 17?????
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?? 11.37 mm±1.49 mm, ?? 4.77 mm±0.56 mm, 
?? 493.49 mg±158.49 mg(???±???, n=30)?
?????????: ????????? 24 °C; 
??? 28; ????? 12 h: 12 h; ?????? 2 h, 
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1.2 实验方法 
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?, ?? 20 mL?? 0.22 μL??????(?? 28), 
???????????(??? 24℃, ?????
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Fig. 1  The Gaussian simulation of larval hatching from egg 
ribbons of Siphonaria japonica 
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2  结果 
2.1  模拟降水对卵带内胚胎发育的影响 
????????, ???????????
??????(? 2)?? 12?36?72? 96 h, ???
??????????????????????
????????? 69.50%?54.00%?41.50%?
61.00%, ??????????? 4 ??????
?? 65.25%?30.75%?5.50%? 21.25%?????
?? 96 h?, ?????????????????
????????????????? 4.75%?
35.00%?21.50%? 17.50%???????????
?, ??? 12 h ?(P=0.863)??, ??? 3 ???
?, ????????????????????
???????(P<0.01), ???????????
?????????? 
2.2  模拟降水对卵带幼体孵化的影响 
?????????????????? 15?, 
???????????????????, ??
????????????????? 9 ?? 13
??????????????, ????????
??????(P=0.05)?????????, ???
??????????????????????
?? t??????, ???????? 20 d???
32 d, ???????????????????
????(P?? 0.038~0.043)?????, ????
????????????????? t?????
???, ???????????????????
??????(P>0.05; ? 1 ?? 2), ??????
??????????????????????
?????? 
 
? 2  ????????????????????? 
Fig. 2  Development of egg ribbons in the control and treatment groups with simulated rainfall 
??**???????????? 
The double asterisk (**) represents significant differences between the control and treatment (P<0.01) 
 
2.3  自然降水对卵带幼体孵化的影响 
????????, A1?A2?A3?A4????
??????????????????????
(???? t??, P>0.05; ? 4)?????????
?????, ????????????????
????????????(P>0.05)???????
t ?????????????????????
?????????: ?????????????
???????????(P>0.05), ???????
??????????????????(? 1)??
 70 ????  / 2017?  / ? 41?  / ? 11? 
?????????????????????
(P<0.05), ??? 1 d??(? 2)?????????
???, ??????????????????, 
???????????, ??????????? 
3  讨论 
???????????????, ????
?????????????????, ?????
?????, ????????????????
???????????????????[14, 17-18], 
??????????????????????
???????, ??????????????
?????????????Eyster[19]??????
?????????, ???????????? 
 
? 3  ?????????????????? 
Fig. 3  The effect of simulated rainfall on the larval hatching 
of Siphonaria japonica 
??*??????????? 
The asterisk (*) represents significant difference between the control 
and treatment (P<0.05) 
 
表 1  卵带幼体孵化高斯模拟的振幅值统计和独立样本 t 检验结果 
Tab. 1  Summary of the Amplitude Values of the Gaussian simulation of larval hatching of Siphonaria japonica 
???? t???? ?? ?? ???? n ?????? ??? 
t? ??? P? 
???? ??? 8a 7.808 3.719 
???? ??? ???? 13 7.383 5.984 0.201 18.976 0.843 
???? B1 10 24.578 7.996 
???? A1 ???? 10 35.373 14.433 –2.069 14.049 0.057 
???? B2 9 27.341 8.964 
???? A2 
??? 
10 31.451 11.305 
–0.882 16.763 0.390 
???? B3 9 31.654 17.933 
???? A3 
???? 
10 37.668 20.134 
–0.689 17.000 0.500 
???? B4 3 39.677 15.045 
???? A4 ???? 9a 27.370 8.113 1.133 2.401 0.358 
a??? 1?????????????? 
 
表 2  卵带幼体孵化高斯模拟的高峰值统计和独立样本 t 检验结果 
Tab. 2  Summary of the Mean Values of Gaussian simulation of larval hatching of Siphonaria japonica 
???? t???? ?? ?? ???? n ?????? ??? 
t? ??? P? 
???? ??? 8a 12.813 1.418 
???? ??? ???? 13 12.976 1.902 –0.209 19.000 0.837 
???? B1 10 7.949 1.344 
???? A1 ???? 10 6.824 0.557 2.442 12.000 0.031 
???? B2 9 7.114 0.458 
???? A2 
??? 
10 6.313 0.327 
4.345 14.358 0.001 
???? B3 9 7.179 0.825 
???? A3 
???? 
10 5.767 0.407 
4.652 11.406 0.001 
???? B4 3 5.973 0.108 
???? A4 ???? 9a 5.091 0.693 3.686 9.022 0.005 
a??? 1?????????????? 
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? 4  ??????????????????????
?? 
Fig. 4  The effects of natural rainfall on larval hatching at 
different stages of Siphonaria japonica 
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?????, ???????????[20, 24]????
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??????????(P=0.837; ? 2)??????
???????, ??????????????
??????????????????????
????????????????, A. crenata?
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10?????????????[17]? 
????????????????????
 72 ????  / 2017?  / ? 41?  / ? 11? 
??????????????????????
????????????, ?????????
??; ???????????????????
?, ?????????????????????
?????????: ????????????
????????, ?????????????
?????????????, ?????????
??????[10]; ?????????????(?
? 50 mm/h), ????????????????, 
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??????????????????????? 
 
? 5  2013??2017?????????????????? 
Fig. 5  Effective precipitation in breeding season of Siphonaria japonica from 2013 to 2017 
??????: ??????, ??????????????????????????????????? 
Definition of the effective precipitation: The precipitation which occur at the time when the adults and egg ribbons emerge in the air during the 
breeding season of Siphonaria japonica 
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Abstract: As a common intertidal Pulmonata species, Siphonaria japonica (Donovan, 1824) lays its egg ribbons on 
the intertidal rocky shores. Therefore, rainfall has potential effects on the embryonic development and larval hatch-
ing of S. japonica. To investigate the effects of rainfall on the embryonic development and larval hatching of 
S. japonica, we examined the effects of simulated rainfall on the embryonic development, the cumulative number of 
larval hatching, and the value and occurrence time of hatching peak in the egg ribbons. We also analyzed the effects 
of natural rainfall on the cumulative number of larval hatching, the value and occurrence time of hatching peak in 
different stages of egg ribbons. These results indicated that simulated rainfall had pronounced impacts on the em-
bryonic development and larval hatching of egg ribbons (P < 0.05). However, natural rainfall did not affect the cu-
mulative number of larval hatching (P > 0.05), but dramatically accelerated the rate of larval emergence (P < 0.05). 
These results will provide the basic data for understanding the impacts of rainfall on the reproduction and popula-
tion dynamics of intertidal gastropods. 
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